Abstract Rip currents are a leading cause of drowning on beaches worldwide. How bathers caught in a rip current should attempt to escape has been a subject of recent debate. A numerical model of human bathers escaping from a rip current flow field is applied to a 2-km-long section of the open beach of Biscarrosse, SW France. The study area comprises 4 rip channels that visually appear similar from the beach, but exhibit different morphologies. Simulations are run for 2 representative hazardous summer wave conditions. Results show that small changes in the bar/rip morphology have a large impact on the rip flow field, and in turn on the alongshore variability of the optimal rip current escape strategy. The overall flow regime (dominant surf-zone exits versus dominant recirculation), which is found to be influenced by the alongshore dimensions of the sand bars adjacent to the rip channel, is more important to rip current escape strategy than rip velocity. Flow regime was found to dictate the success of the ''stay afloat'' strategy, with greater success for recirculating flow. By comparison, the dominant longshore feeder current and rip-neck orientation determined the best direction to ''swim parallel'' towards. For obliquely incident waves, ''swim parallel'' downdrift then swim onshore with breaking waves was highly successful and can become a simple safety message for beach safety practitioners to communicate to the general public. However, in SW France where rip spacing is large ( $ 400 m), surf-zone eddies have large spatial scales of the order of 100? m, requiring a large distance (100? m) to swim to reach safety, therefore requiring good swimming 
Introduction
Surf-zone rip currents are intense and narrow wave-driven seaward-flowing jets of water that originate near the shoreline and sometimes extend beyond the breakers (MacMahan et al. 2006; Dalrymple et al. 2011) . Although rip currents can be hazardous during extreme storms causing localized beach and dune erosion (Thornton et al. 2007; Loureiro et al. 2012; Castelle et al. 2015) , they are arguably best known for the hazard they represent to beach users (Scott et al. 2011; Brander et al. 2013) . Rip currents are hazardous to beach users because of their ability to carry unsuspecting bathers of all swimming abilities offshore into deeper water (Drozdzewski et al. 2012) , each year causing hundreds of drowning deaths and tens of thousands rescues worldwide (e.g. Gensini and Ashley 2009; Brewster 2010; Brighton et al. 2013; Arozanera et al. 2015) .
Rip currents can be transient in occurrence in space and time when hydrodynamically controlled (e.g. Ozkan-Haller and Kirby 1999; Feddersen 2014) . Rip currents can also be relatively persistent in space and time when morphologically controlled. For instance, rip currents can be found against natural or anthropogenic rigid structures (e.g. Pattiaratchi et al. 2009; Castelle and Coco 2013; McCarroll et al. 2014a ). More commonly, rip currents are driven by the alongshore variability in breaking wave height (Bowen 1969) arising from different causes. In this paper, we focus on rip currents flowing on rip-channelled beaches, which are driven by alongshore variability in breaking wave height owing to the alongshore variability in depth due to shallow bars and deeper rip channels (Haller et al. 2002; Bonneton et al. 2010; Bruneau et al. 2011 ). This rip current type is very common worldwide as it is a key element of intermediate beaches (Wright and Short 1984) , also known as rip-dominated intermediate beaches (Short 2007) .
Rip current hazard is influenced by rip current velocity, with beach users being carried offshore more rapidly with increasing rip current intensity. However, rip current flow regime is an additional critical parameter. Rip currents have long been perceived as strong and narrow flows extending well beyond the surf zone (e.g. Shepard et al. 1941; Inman et al. 1971 ), a flow regime hereafter referred to as exit flow. As a result, early beach safety advice for beach users being caught in a rip was to ''swim parallel'' to the beach to escape the rip in order to reach safety on an adjacent shallow sand bar. Instead, the recent development and increasing worldwide use of GPS-equipped surf-zone drifters (e.g. Johnson et al. 2004; Schmidt et al. 2003; MacMahan et al. 2009 ) challenged this early understanding. MacMahan et al. (2010) suggested that rip flow patterns on rip-channelled beaches consist of quasi-steady semi-enclosed vortices, a flow regime hereafter referred to as recirculating flow, that retain floating material within the surf zone with full circulation taking roughly 5-10 min to complete. Based on this new perception of rip current flow behaviour, MacMahan et al. (2010) proposed an alternative ''stay afloat'' rip current escape strategy to minimize bather energy expenditure as the recirculation would carry bathers to shallower and safer depths on the order of minutes. Of note, this dichotomous discrimination between recirculating and exit flows masks a considerable variability evident by many recent field, numerical and laboratory studies that show a large variability in the ability of rip currents to flush out the surf zone (Austin et al. , 2013 Castelle et al. 2010; Houser et al. 2013; Castelle et al. 2014; McCarroll et al. 2014a; Winter et al. 2014; Scott et al. 2014) .
Field studies on rip current escape strategies are scarce and limited to a small number of swimmers (e.g. Miloshis and Stephenson 2011) . The first intensive field testing of the different bather strategies was performed by McCarroll et al. (2014b) at Shelly Beach, NSW, Australia, in 3 rip currents over 3 days in varying wave conditions. Surf-zonecapable swimmers were deployed in the surf zone, under the supervision of lifeguard and lifesaving personnel. While floating was found to be a longer duration and more variable escape strategy than swimming parallel, neither scenario was 100 % fool proof. Float failures mostly related to exit flows, while failures in swimming parallel mostly resulted from swimming against longshore-directed currents of the rip current circulation cell. Using field data on another NSW beach, Van Leeuwen et al (2015) showed that the morphology and depth of the sand bars adjacent to the rip current was an additional important parameter to the optimal rip current escape strategy. However, due to logistical and ethical concerns, the number of swimmers used during these experiments was very limited; therefore, there has been minimal examination of how bathers caught in rip currents should attempt to escape. To overcome this issue, McCarroll et al. (2015) developed the first numerical model of bathers escaping from a rip current, with application to a single rip current system on an Australian beach. The simulations suggested that slow sustainable swimming may be a preferable escape action to floating, and that optimal swim direction varied with start location, from onshore (near the shoreline), parallel to shore (mid-rip channel) and diagonally onshore (outer rip channel). McCarroll et al. (2015) also performed a sensitivity analysis of swimmer speed and height, with changes to human parameters showing predictable results as time to safety was found to decrease for taller bathers with greater swim speeds. However, these findings were specific to a given rip channel on a given beach for a limited range of wave-tide conditions, resulting in the analysis of only 2 contrasting rip flow patterns. This is an important limitation because many studies show that rip currents are highly variable in both space and time (e.g. MacMahan et al. 2010; Bruneau et al. 2011; Scott et al. 2014; McCarroll et al. 2014a) . McCarroll et al. (2015) concluded that the model should be applied to additional surf-zone rip current morphologies and wave-tide inputs, with a goal of determining generalized rip escape principles that may be communicated to the general public.
Most studies dealing with rip current-related drowning deaths and rescues have been performed in the USA, Australia and England, but little is known on the ocean-waveexposed SW coast of France. However, rips are ubiquitous along beaches of SW France (Bruneau et al. 2009b) . Deep rip channels with an apparently similar morphology cut the sand bar approximately every 400 m along 200? km of almost uninterrupted open beaches, resulting in 500? hazardous rip currents flowing every summer day along this coast. Recently, Tellier (2014) showed on a 110-km section of the SW coast of France that, on average, approximately only 5 drowning deaths related to rip currents occur between April and September each year, which masks the thousands of rescues by onduty lifeguards. Results also show that most of the drowning deaths occur on unpatrolled beaches, highlighting the need to both broaden lifeguard protection (Branche and Stewart 2001) and better understand and communicate on rip current hazard and escape strategies.
In this paper, we build on the modelling work of McCarroll et al. (2015) who addressed in detail the influence of bather height and swim speed on escape outcome in a single rip current system. Here, by comparison, we address multiple rip current systems along an open beach for 2 representative wave conditions, implying a broad range of rip current flow behaviours. The alongshore variability of the hazard posed by multiple rip currents is addressed numerically, with an overreaching goal of determining generalized rip escape principles that may be communicated to the general public. In Sect. 2, the general settings of SW France open beaches and the main characteristics of the rip currents are given. The numerical modelling approach and model set-up are described in Sect. 3. The results are presented in Sect. 4 and further discussed in Sect. 5 before conclusions are drawn in Sect. 6. We show that, for obliquely incident waves, ''swim parallel'' downdrift then ''swim onshore'' with breaking waves is systematically highly successful. In contrast, we also show that for near shorenormal incident waves subtle differences in bar/rip morphology have a profound impact on the rip flow field and resulting best rip current escape strategies. This suggests that, even for open-coast beaches where the rip current systems seemingly replicate multiple times alongshore with consistent characteristics, rip current hazard is in fact highly variable alongshore. (Fig. 1) and is representative of most of the open-coast sandy beaches of SW France. Beaches are meso-to macro-tidal with an annual mean spring tidal range and a maximum tidal range of approximately 3.7 and 5 m, respectively. The strongly seasonally dominated wave climate is energetic, with a dominant W to NW incidence (Butel et al. 2002) resulting in a dominant southerly longshore drift (Idier et al. 2013) . The 2-monthaveraged significant wave height H s ranges from about 1.2 m in summer to about 2.5 m in winter with common 7? m high storm wave events . The mean grain size is about 0.35-0.4 mm although there is a large spatial variability related to the morphological variability (Gallagher et al. 2011 ).
Beach morphology
Beaches are mostly intermediate double-barred (Castelle et al. 2007) . The outer bar is most of the time crescentic. The inner bar is modally rip-channelled and can go through all the states within the intermediate classification, with a dominant transverse bar and rip state (Sénéchal et al. 2009 ). Mean rip spacing of the inner and outer bars is about 400 and 700 m, respectively, along the Gironde coast, with mean spacing increasing southward (Lafon et al. 2005; Castelle et al. 2015) . Because the outer bar is deep (about 3-7 m below mean sea level) and located far offshore (about 400-500 m from the beach), outer-bar rip currents are generally inactive during the summer months and do not pose a hazard to beach users. Instead, inner-bar rip currents are ubiquitous throughout summer. The traditional perception of the inner-bar and rip morphology in SW France is that shown in Fig. 2a-d . The morphology is often assumed as an alongshore inner-bar cut by regularly spaced and southward-oriented deep channels. However, the inner-bar rip channels are often irregularly spaced with considerable variability in orientation and shape along the beach (Fig. 2g , see also Bruneau et al. 2009b; Almar et al. 2010) . During summers, the inner-bar morphology slowly evolves (mean southerly migration of about 2 m/day Lafon et al. 2002) , with occasional merging and splitting, as a result of low-energy wave conditions and large rip spacing. However, rapid morphological changes can be driven by rare summer storms. Inner-bar rip currents are ubiquitous and can be intense ( $ 1 m/s) even for reasonably low wave height ( $ 1 m, see, for instance, Fig. 2e , f, and field measurements in Bruneau et al. 2009b) . A notable characteristic of inner-bar rips in SW France is their striking tidal modulation owing to the meso-macro-tidal range. Depending on inner-bar morphology and tidal range, rip current activity is generally maximized between low tide and mid-tide for typical summer wave conditions (e.g. Bruneau et al. 2009b Bruneau et al. , 2011 Bruneau et al. , 2014 , with the notable absence of rip currents between midtide and high tide. Between low tide and mid-tide, rip current intensity is maximized for long-period waves (T p ! 10 s) and shore-normal wave incidence. Eulerian Bruneau et al. 2009b ) and Lagrangian (Bruneau et al. 2009a; MacMahan et al. 2010 ) measurements are scarce in SW France and are restricted to only a few days and hours of measurements, respectively. Accordingly, little is known on the ability of innerbar rip currents to expel bathers offshore on this section of coast.
Summer wave conditions
18.3 years of modelled wave data calibrated with measurements collected at the Candhis directional buoy (Fig. 1 , Castelle et al. 2015) are used to assess the typical summer wave conditions in SW France. When H s [ 1:5À2 m, beach users are usually not allowed to enter the water by lifeguards, and the rough seas discourage bathing on unpatrolled beaches. Days when H s % 1 m are often the most hazardous (see the detailed assessment of a UK beach in Scott et al. 2014 ) because (1) beach users of all swimming abilities are likely to bathe in the surf zone and (2) rip currents can be intense (e.g. Bruneau et al. 2009b) . Figure 3 shows the scattered directional plot of measured significant wave height H s and peak wave period T p during July, August and September, having a mean H s of 1.19, 1.15 and 1.35 m, respectively. Figure 3 shows short-period (T p \8 s) waves at a wide range of direction from W to NW. In contrast, long-period waves (swells, T p ! 10 s) are observed at a wide range of direction mostly for H s [ 1:5 m. Swell events with H s \1:5 m are typically observed with normal to near-normally incident waves. Accordingly, in the following modelling exercise, 2 representative common and hazardous summer wave conditions will be used: (1) shore-normal swell waves; (2) oblique NW seas.
Numerical model
In this study, the modelling approach developed by McCarroll et al. (2015) is used. Below we focus on both the key assumptions of the modelling strategy and the slight differences to the approach of McCarroll et al. (2015) .
Hydrodynamic model
The open source model XBeach (Roelvink et al. 2009 ), Easter 2012 version, is used to simulate waves and wave-driven currents, here switching off sediment transport and bottom changes. XBeach simulates the wave-group-forced infragravity [O(1 min)] and very low-frequency [O(10 min)] motions which are important to sporadically expel material out of the surf zone through rip pulsation even for dominantly recirculating flow. This model has been widely used to study rip current dynamics (e.g. Reniers et al. 2009 Reniers et al. , 2010 Castelle et al. 2014 ) and has been found to be in good agreement with field measurements (e.g. Austin et al. 2013; Winter et al. 2014) . The generalized Lagrangian mean flow velocities, i.e. the time-varying surface currents, are further used to carry the numerical bathers.
Rip escape model
Bathers are initially seeded as points within a given domain of interest with, at each time step Dt, the mean depth d, the instantaneous wave-driven current U and the mean current intensity U interpolated at the position x (easting in metres) and y (northing in metres) of each simulated bather. At each time step, a safety condition check is performed with the bather assumed to have reached safety depth if (1) the bather is in a water depth less than a user-defined safe depth ( d\d safe ) or (2) if the local hazard rating HR does not exceed a certain threshold HR safe with:
Time-averaged velocity U and depth h were used to address safety instead of instantaneous values. This estimated time-averaged local hazard rating was chosen to prevent bathers being alternately safe and unsafe on the sand bar on the timescales of infragravity rip current pulsation. Bathers would therefore be wrongfully set safe in the infragravity wave trough, while they are likely to be subsequently swept back into the channel at the passage of the infragravity wave crest. At each time step, if a bather is not safe, bather velocity U bather is computed in vectorial form as U bather ¼ U þ U swim where U swim is swim velocity which can be set to any compass direction. For the ''stay afloat'' strategy, U swim is set to 0. Following the work of McCarroll et al. (2015) , an additional swim onshore with waves condition was implemented for any bather located at more than a certain distance alongshore from the rip channel. Such bathers therefore swim onshore at 20 from shore-normal, away from the rip they have been caught in, at a velocity U sow .
These steps are iterated through until a maximum time limit t max is reached. Bathers who have reached safety at any time step are given a final duration (t safe ) and are excluded from further calculations. At the end of the simulation, bathers who have not reached a point of safety are given a duration of t max . For each scenario, failure rate F is computed as the number of bathers with t safe = t max at the end of the simulation expressed as the percentage of the total number of active bathers initially seeded.
Model set-up
XBeach model was run on the Biscarrosse beach morphology surveyed during the June 2007 experiment (Bruneau et al. 2009b) . Figure 4 shows Biscarrosse beach on June 18, 2007, with the 4 rip current systems addressed in this study highlighted by the absence of breaking waves. These rip current systems are hereafter referred to as Rip1, Rip2, Rip3 and Rip4. Clearly Rip2, Rip3 and Rip4 have very similar characteristics when observed from the beach (Fig. 4) . Figure 5 shows the surveyed bathymetry comprising 6 rip channels, with Rip1, Rip2, Rip3 and Rip4 in the centre of the domain. One only has to take a quick glance at the bathymetry to realize that the 4 rip systems have different bar/rip morphologies. The numerical domain extends approximately 1000 and 2000 m in the cross-shore and alongshore direction, respectively, with a 10 Â 10-m resolution grid. Simulations were run for 90 min with a time step of 1 s. Only the last 20 min of the simulations were used to compute the rip current escape strategies in order to have a dynamically stable non-stationary flow field out of the transition regime. Two XBeach simulations were performed, both representative of summer wave conditions that can be hazardous to beach users of all swimming abilities during lower tides. Both simulations were run between low tide and . In all panels, mean flow velocity is indicated by the colour bar in m/s and black vector arrows (1 out of 4 for clarity), the bathymetry is contoured in the background, and the thick grey line is the water-level contour. The blue boxes show the boundary for starting locations of escape strategies for each rip current system mid-tide (0.8 m below mean sea level) with the summer wave conditions discussed in Sect. 2.4: (1) McCarroll et al. (2014b) performed a detailed sensitivity analysis of swimmer speed and height, as well as statistics on the spatial and temporal variability of each escape strategy on a single rip current system. Here the focus is on the alongshore variability of rip current hazard. Accordingly, average bather/swimmer characteristics were used, corresponding to d safe ¼ 0:9 m; HR safe ¼ 0:6 m 2 =s; U swim ¼ 0:3 m=s; U sow ¼ 0:3 m=s. This swim speed is suggested as being representative of a moderately experienced surf-zone swimmer ; however, it is important to note that data on non-elite swimmer speeds in the surf zone are extremely limited. The moderate value U swim ¼ 0:3 m=s is substantially below the swim speed of professional lifeguards in the surf zone of 0.7-0.9 m/s (Tipton et al. 2008) .To prevent edge effects, only the 4 middle rip channels Rip1, Rip2, Rip3 and Rip4 are addressed here. In order not to bias the analysis, all the boundary boxes where escape strategy statistics are performed have the same alongshore length of 170 m. Figure 5 also shows the boundary boxes away from the rip currents where the bathers are determined to swim onshore with waves. Finally, in contrast with McCarroll et al. (2015) , here t max is set to 20 min instead of 10 min as the rip current systems at Biscarrosse have larger spatial scales than at Whale beach. Keeping t max ¼ 10 min would have strongly limited the number of bathers reaching a safe depth by the end of the simulation. Accordingly, our simulations are underpinned by the premise that rip currents in SW France are more hazardous to beach users than that of Whale beach addressed in McCarroll et al. (2015) , which will be discussed in Sect. 5.2.
Results

Mean flow patterns
Simulated wave-driven mean currents are shown in Fig. 6 . For Run1 (Fig. 6a) , 4 established and alongshore-variable rip current systems are observed along the beach. Rip1 is weak ( $ 0.4 m/s) with a rather wide and shore-normal exit flow extending a few hundred metres offshore. Rip2 is narrow and reasonably intense ( $ 0.65 m/s) with the notable absence of south-flowing feeder current. The rip flows slightly southward with a flow regime between exit and recirculating. Rip3, with 2 well-established feeder currents, is reasonably intense ( $ 0.65 m/s) and flows slightly northward. It is characterized by recirculating flow regime. Rip4 is very different to the 3 other rips as it is reasonably weak ( $ 0.5 m/s), southward flowing and extends very far offshore (exit flow). Rip4 is also strongly asymmetric with an intense ( $ 0.85 m/s) north-flowing feeder current and the absence of south-flowing feeder current.
Rip flow patterns are very different for Run2 (Fig. 6b) owing to the obliquely incident waves driving a dominant southerly longshore current. While Rip2 and Rip4 are still clearly flowing offshore, although characterized by a recirculating/meandering flow oriented southward, both Rip1 and Rip3 are overwhelmed by an undulating longshore current with a weak ( $ 0.2-0.3 m/s) offshore-directed component in the channel.
The inspection of the mean flow fields in Fig. 6 highlights a large alongshore variability in the rip flow field on this open beach for both wave conditions. In addition, it shows that small changes in wave conditions, here the period and angle of incidence, can have a profound impact on the rip flow fields.
Rip current escape simulations
Figures 7 and 8 show the spatial distributions of escape simulations for Run1 and Run2, respectively. Histogram summary statistics for the 2 simulations given in Fig. 9 are based only on the active bathers initially seeded in the rip boundary boxes (blue boxes in Figs. 5, 6, 7, 8) . Fig. 7 Rip current escape simulations for Run1. Top panels are trajectories of escape actions, open symbols indicate start point, and solid symbols are end points. Bottom panels are spatial distribution of time to safety t safe in minutes. In all panels, the colour bar indicates t safe in minutes, the bathymetry is contoured in the background, the thick grey line is the water-level contour, and mean flow velocity is indicated by black vector arrows (1 out of 9 for clarity). The blue boxes show the boundary for starting locations of escape strategies for each rip current system
Stay afloat
In agreement with McCarroll et al. (2013) , the outcome of the ''stay afloat'' strategy (lefthand panels in Figs. 7 and 8) is dictated by the flow regime. For Run1, a large number of bathers are expelled far offshore through Rip1, Rip2 and Rip4 which are mostly characterized by exit flow regime. More surprisingly, while for Rip1 and Rip2 all the bathers are carried offshore in deep water, for Rip4 there is an additional hazardous zone around the centre of the rip eddy where bathers recirculate multiple times. A similar hazardous zone Fig. 8 Rip current escape simulations for Run2. Top panels are trajectories of escape actions, open symbols indicate start point, and solid symbols are end points. Bottom panels are spatial distribution of time to safety t safe in minutes. In all panels, the colour bar indicates t safe in minutes, the bathymetry is contoured in the background, the thick grey line is the water-level contour, and mean flow velocity is indicated by black vector arrows (1 out of 9 for clarity). The blue boxes show the boundary for starting locations of escape strategies for each rip current system Fig. 9 Histograms of t safe for all rip escape strategies for both Run1 and Run2. In each panel, the percentage in red indicates failure rate F exists within Rip3 during Run1 which explains a high failure rate (F ¼ 32:2 %) for a recirculating flow. ''Stay afloat'' is more successful for Run2 for which there is no exit flow regime along the beach. However, there is a large variability of ''stay afloat'' outcome as while Rip1 has a failure rate of F ¼ 51:6 % (Fig. 9c ), Rip2 has a very low one (F ¼ 0:8 %, Fig. 9u) , which is the lowest failure rate of all ''stay afloat'' simulations. Overall in Run2, a vast majority of floating bathers caught in the rip reached safe depth on the downdrift shallow sand bar, most of them having to swim onshore with waves when away from the rip (Fig. 8e) .
Swim parallel northward
The outcome of ''swim parallel'' northward strategy is more complex. For Run2, the bathers swim against the dominant longshore current, which results in a failure rate larger than 50 % for the 4 rip currents (Fig. 9) . Even if bathers are not carried far offshore, they systematically swim against the current both inside and at the outer edge of the surf zone. For the shore-normal swell conditions (Run1), the outcome of ''swim parallel'' northward is more variable (Fig. 7b, f) , but is systematically more successful than ''stay afloat''. ''Swim parallel'' northward is less successful for Rip1 (F ¼ 25:3 %, Fig. 9z ) and Rip4 (F ¼ 35:7 %, Fig. 9b ), both characterized by exit flow, corresponding to bathers being caught by the rip and swimming northward at the outer edge of the surf zone. These bathers cannot reach safe depth in due time (Fig. 7b, f) . Rip2 and Rip3 have more successful outcomes with 75.5 and 62.3 % of bathers reaching safety depth within 10 min (Fig. 9j, r) . However, while failure rate is only 3.6 % for Rip2, 23.8 % of bathers do not reach safe depth within 20 min in Rip3. This corresponds to bathers trapped in a hazardous zone around the centre of the northern rip eddy where bathers recirculate multiple times (Fig. 7b, f) .
Swim onshore
The ''swim onshore'' strategy is quite successful for Run2 (Fig. 8c, g ). For Rip1 (F ¼ 0), Rip2 (F ¼ 1:2 %) and Rip3 (F ¼ 0) almost all the bathers reach safety on the downdrift shallow bar within a reasonably short time, that is, 75.9, 94.7 and 100 % within 10 min (Fig. 9) , respectively. Rip4 is more hazardous because a number of bathers recirculate multiple time within the downdrift eddy without reaching safety (Fig. 8c, g ). Although the ''swim onshore'' strategy is less successful for Run1 than for Run2, a large number of bathers swimming onshore reach safe depth for Run1. Surprisingly enough and in contrast with Run2, Rip4 is now the least hazardous (F ¼ 5:7 %). Instead, Rip1 (F ¼ 34:7 %), Rip2 (F ¼ 28:5 %) and Rip3 (F ¼ 52:0 %) are dangerous to bathers swimming onshore with a lot of bathers being stuck in the rip channel when swimming against the rip neck (see red areas in the channels, Fig. 7g ). Another interesting characteristic of the ''swim onshore'' strategy is that the highest rates of success are simulated at the early stage of the swimming action (third column in Fig. 9 ).
Swim parallel southward
''Swim parallel'' southward is quite successful for Run2 (Fig. 8d, h ) as the bathers rapidly reach safe depth on the downdrift shallow sand bar. However, this strategy is not systematically more successful than swimming onshore as most of the bathers are carried farther offshore and subsequently take more time to reach safety. This is why most hazardous areas are located at the seaward edge of the boundary box (Fig. 8h) . The swimming parallel southward strategy is much less efficient for Run1, particular for Rip3 (F ¼ 73:3 %, Fig. 9l ) that flows northward and, to a lesser extent, Rip2 (F ¼ 47:0 %, Fig. 9t ) and Rip4 (F ¼ 40:3 %, Fig. 9d ) which are characterized by strong and dominant northerly feeder currents. As opposed to the ''swim parallel'' northward strategy, bathers who do not reach safe depth by the end of the simulation recirculate multiple times within the southern rip eddy (Rip2, Rip3 and Rip4 in Fig. 7d) . Overall, for Run1 there is a large alongshore variability in the outcome of ''swim parallel'' southward strategy.
Discussion
Alongshore variability of rip current hazard and best rip current escape strategy
The modelling of bather rip current escape strategies on Biscarrosse beach shows a large alongshore variability of rip current hazard and escape strategy outcome. The 4 rip current systems are exposed to the same wave conditions and are morphologically controlled by bar/rip morphologies which, when observed from the beach, are seemingly similar (Fig. 4) . However, the 4 rip current systems have in fact subtle morphological differences that result in contrasting rip current escape strategy outcomes. Figure 10 synthesizes the histograms of t safe for all escape strategies and wave conditions with discrimination of the 4 rip currents. Interestingly enough, combining all the rip current escape strategy outcomes, Rip2 (F ¼ 25:3 %) is the least hazardous rip current (F ¼ 35:1, 34.0 and 39.9 % for Rip1, Rip3 and Rip4, respectively) despite Rip2 being the most intense rip current for both Run1 and Run2. This highlights that rip current hazard is not only dictated by the mean flow velocity in the rip neck. Instead, flow regime appears crucial to the degree of hazard posed. Rip2, which is overall the safest, has a clear recirculating flow behaviour for both Run1 and Run2, while Rip4 is the most hazardous rip current system owing to a dominant exit flow regime for Run1. Modelling studies attempting to understand the hydrodynamic and morphologic factors impacting rip flow regime on rip-channelled beaches are scarce Castelle et al. 2014) . Applying the same hydrodynamic model to a large number of idealized rip-channelled bathymetries, Castelle et al. (2014) showed that for a given wave forcing, the exit flow character increases with increasing rip spacing. This is qualitatively verified here with the 2 rip currents showing a pronounced exit flow regime (Rip1 and Rip4 Fig. 10 Histograms of mean t safe for each rip current, averaged over Run1 and Run2 and over all rip escape strategies in Fig. 6 ) being those surrounded by long alongshore bars. In contrast, the two closely spaced rip currents in the centre of the domain (Rip2 and Rip3) exhibit a more recirculating pattern (Fig. 6 ). This suggests that not only the rip channel morphology, but also the dimensions of the sand bars adjacent to the rip channel are important to the overall rip flow regime.
The alongshore variability in rip current hazard arising from other factors has been scarcely documented. Houser et al. (2011) showed on a beach in Florida, USA, that rip current hazard variability on lengthscales of approximately 1500 m is enforced by transverse ridges on the inner shelf. These offshore features force wave refraction and focusing at the ridge crests, enforcing a variability in beach state and rip current activity. Van Leeuwen et al (2015) studied two rip currents systems on Cronulla Beach, Australia. They showed that one of the rip currents was more hazardous largely because of a lack of adjacent shallow sand bars. Here at Biscarrosse, where energy focussing is negligible and where the 4 rip channels are bounded by shallow shore-connected sand bars, the alongshore variability in rip current hazard in essentially controlled by more subtle differences in bar/rip morphology.
The alongshore variability of rip current hazard also strongly depends on wave conditions. For instance, assuming that the ''swim onshore'' strategy is promoted on Biscarrosse beach, Rip3 is the safest for Run2 as 100 % of the bathers will have reached safe depth by only 10 min (Fig. 9o) . However, for Run1 Rip3 is the most hazardous for bathers swimming onshore with a failure rate of 52.0 %. Overall these results show that, on a natural open rip-channelled beach with more or less regularly spaced channels exposed to normal to near-normal incident waves, the alongshore variability of rip current hazard appears overly challenging to predict without using detailed process-based models.
Although it has not been tested here, tide acts as an additional parameter affecting the temporal and alongshore variability of rip current hazard through the modulation of breaker patterns. Not only do tides modulate rip velocity (e.g. Brander and Short 2001; Austin et al. 2009; Bruneau et al. 2009b; Austin et al. 2014; Scott et al. 2014 ), but they also affect rip flow regime Scott et al. 2014 ). For instance, both observation and numerical modelling showed on an Australian beach that a change of only tens of centimetres in tide elevation can change an exit flow rip current into a recirculating flow rip (McCarroll et al. 2014a . On meso-and macro-tidal beaches, the dominant rip flow regime at a given rip current system likely changes over the course of the tide cycle, thereby increasing both the temporal and spatial variability of rip current hazard and optimal rip current escape strategy.
Assessment of rip current escape strategies: implications for beach safety and limitations
In line with earlier field and numerical works (McCarroll et al. 2014b Van Leeuwen et al 2015) , no escape option was universally successful. All escape strategies failed for a given summer wave condition and/or for a given rip current system (Fig. 9) . Figure 11 summarizes the histograms of t safe for each escape strategy averaged over all the rip systems and the 2 wave conditions. Surprisingly enough ''swim onshore'' was, from a physical science perspective, the most successful strategy across all the scenarios (Fig. 11) . Although with a mean fail rate F = 18.6 %, more than 19 % of bathers on average reach safe depth within only 2 min. Failures of the ''swim onshore'' strategy occurs in the rip neck when bathers are stuck in the channel when swimming against the offshore-directed flow (Fig. 7c, g ). An interesting feature is that the overall rate of success of the ''swim onshore'' strategy decreases with time (Fig. 11c) . In real life, bathers will not realize they are actually caught in a rip current until it is too late to swim onshore successfully. In addition, here the simulations are for numerical bathers swimming onshore to a fixed compass point. In real life, the situation might not be as clear cut. Bathers in distress who are panicking often adopt a fight or flight response (Brander et al. 2011 ) which may involve attempting to swim back to the point they entered the water, or simply try to get to the beach at any point. Quantification of such information has not yet been achieved; however, Drozdzewski et al. (2012 Drozdzewski et al. ( , 2015 describe the actual experiences of people who have been caught in rip currents showing that the onset of panic is partly associated with the need to swim back to safety. Accounting for the onset of panic in the numerical model will be challenging. This statement is also relevant for field studies because of ethical issues. The swimmers involved in the field experiments (McCarroll et al. 2014b; Van Leeuwen et al 2015) know they will be rescued by lifeguard and lifesaving personnel if the escape strategy does not work. They therefore cannot feel the sense of impending drowning that triggers the onset of panic when a bather tries to ''swim onshore'' and realizes that he/she makes no progress. Finally, since bathers who realize they are caught in a rip will naturally and instinctively try to ''swim onshore'', it may therefore not be necessary to advocate this strategy as it is a natural response. Instead, it may be that safety messages should focus on alternate escape actions if the initial impulsive reaction to swim towards shore does not work. As such, the findings of this study and others (McCarroll et al. 2014b Van Leeuwen et al 2015) which show the advantages of a ''swim onshore'' strategy must be considered with extreme caution and should only be communicated in the first instance to beach safety practitioners.
Overall, ''swim parallel'' was highly variable depending on whether swimming northward (Fig. 11b) or southward (Fig. 11d) , but was the overall optimal escape strategy if in the direction of the dominant alongshore flow. During Run2, for which the dominant southerly alongshore flow is obvious owing to the NW obliquely incident waves, ''swim parallel'' southward was highly successful (F ¼ 2:3 % averaged across the 4 rip systems, 3 out of the 4 rips with F ¼ 0). Accordingly, on open beaches exposed to obliquely incident waves, to ''swim parallel'' downdrift then to swim onshore over the bar with breaking waves appears as an optimal and simple escape strategy. However, for normal and nearnormal wave incidence, there is no obvious dominant flow. Instead, the dominant alongshore flow can vary from one rip system to another. For instance, during Run1, Rip 1 and Rip2 have a dominant southerly and northerly longshore feeder current, respectively (Fig. 6) . Accordingly, ''swim parallel'' northward and southward is highly successful for Rip2 and Rip1, respectively, with swimming towards the other direction being a high Fig. 11 Histograms of mean t safe for each rip escape strategy, averaged over Run1 and Run2 and over all rip current systems failure rate action. Determining the dominant longshore feeder currents on open beaches exposed to normal and near-normal wave incidence is something only expert surf-zone users and experienced lifeguards can do. Accordingly, we suspect that open rip-channelled beaches exposed to normal to near-normal wave incidence are highly complex as far as universal rip current escape strategy messaging is concerned.
For the ''stay afloat'' strategy, flow regime has a strong influence on outcome. Consistent with observation (McCarroll et al. 2014b) , it was the only strategy where bathers are carried far offshore outside of the surf zone (Fig. 7a) . Averaged across all scenarios and rip systems, ''stay afloat'' is the strategy with the highest rate of failure at our study site (F ¼ 47:8 %, Fig. 11a ). However, energy expenditure is not accounted for in the simulations which is likely increasingly crucial for weaker and less experienced bathers. As discussed by McCarroll et al. (2014b) , new data on human surf-zone behaviour, the experiences of people caught in rips, and physiology are needed before accurately comparing the ''stay afloat'' strategy with other more active and energy-expending strategies. In addition, because flow regime is critical to ''stay afloat'' outcome, more field and numerical studies addressing flow regime as a function of wave and morphological conditions are needed.
It has been previously demonstrated that escape times decrease with increased bather height and swim speed; therefore, only a single swimmer type was used in this study. Rip current intensity and flow regime, and as a result optimal rip current escape strategy, are highly sensitive to wave conditions, tide elevation and bar/channel morphology. A limited number of rip-channelled morphologies and wave/tide conditions were addressed here. Our results are therefore part of a continuum that can only be thoroughly addressed through a full sensitivity analysis of wave height, period and direction, tide and rip beach morphology. Further improving our model and applying it to other sites with contrasting hydrodynamic conditions and geological settings will provide insight into this continuum. In addition, all rip current escape studies, including ours, primarily addressed rip currents driven by alongshore variability in breaking wave height owing to the alongshore variability in depth due to shallow bars and deeper rip channels. Although such ''channelized'' rips are very common, other rip current types flow along wave-exposed beaches. For instance, topographic rips can flow against permanent topographic features such as headlands or coastal structures (Pattiaratchi et al. 2009; Castelle and Coco 2013; Scott et al. 2016) , flash rips are transient in both time and space (e.g. Ozkan-Haller and Kirby 1999; Feddersen 2014; Suanda and Feddersen 2015) , and some rip currents can also be enforced by offshore bathymetric anomalies (Long and Ozkan-Haller 2005; Castelle et al. 2012) . These studies showed unique flow behaviours, suggesting that safety outcomes may contrast with what has been found for existing studies on rip current escape strategies on rip-channelled beaches.
All simulations have been performed using t max ¼ 20 min, that is, assuming that a given action fails if the bather does not reach safety within 20 min. However, only bathers with good swimming abilities can swim more than 5 min at 0.3 m/s in the surf zone. A t max of 20 min is also long compared to existing studies based on field measurements (McCarroll et al. 2014b; Van Leeuwen et al 2015) and numerical experiments McCarroll et al. (2015) , which used t max ¼ 10 min. In the latter studies, rip spacing is on the order of 100-150 m, with a bar crest located some 50 m from the mean sea level shoreline, that is, with similar morphological characteristics to many Lagrangian flow rip current studies (e.g. MacMahan et al. 2005; Houser et al. 2013) . In this situation, surfzone eddies have alongshore scales of the order of 50 m with full circulation taking roughly 5-10 min to complete . In SW France, rip spacing is on average of 400 m and surf-zone eddies have alongshore scales of the order of 100-150 m similar to UK sites , implying a circulation time longer than 10 min. Figure 12 shows some examples of trajectories for ''stay afloat'' action during Run1 zoomed onto Rip2, Rip3 and Rip4. For Rip2 and Rip3, the typical circulation time is roughly 10 min although it can vary considerably depending on where the bather has been caught by the rip. For Rip4, which has larger spatial scales, it ranges from about 10-20 min (Fig. 12) . Therefore, whatever the escape strategy used, bathers in SW France will take more time to reach safety than on most of other documented beaches. Accordingly, given the level of swimming ability required to swim during 5-10? min in the surf zone, swimming to reach safety in SW France is a risky message. Overall, this shows that while rip current intensity, rip flow regime, the depth of adjacent sand bars and bather characteristics are important to rip current hazard and best safety message, rip spacing is also important as it influences the lengthscales of surf-zone eddies and, as a result, circulation time and swimming duration to reach safety. Fig. 12 Examples of trajectories for stay afloat action during Run1 zoomed onto Rip2, Rip3 and Rip4 with colour bar indicating time in minutes. Black symbols indicate start point, and solid white and red symbols are end points for recirculating and exit flow behaviour, respectively. The bathymetry is contoured in the background, the thick grey line is the water-level contour, and mean flow velocity is indicated by black vector arrows (1 out of 4 for clarity). The blue boxes show the boundary for starting locations of escape strategies for each rip current system
Conclusions
A numerical model of humans escaping from a rip current was applied to a 2-km-long section of the open rip-channelled beach of Biscarrosse, SW France. Four distinct bar/rip channel systems with different morphological characteristics were addressed. Four rip current escape strategies were systematically tested, namely ''stay afloat'', ''swim parallel'' northward and southward and ''swim onshore''. Simulations were run for 2 contrasting wave conditions that are representative of hazardous summer wave conditions in SW France. Results were analysed to address physical principles for optimal rip escape methods and their alongshore variability on open rip-channelled beaches worldwide.
Results show that small changes in the bar/rip morphology have a large impact on the rip flow field and in turn on the best rip current escape strategy. The overall flow regime, i.e. exit flow vs recirculating, was found to be more important to rip current escape strategy than rip current velocity. The flow regime is suspected to be influenced by the dimensions of the sand bars adjacent to the rip channel. The flow regime was found to dictate the ''stay afloat'' outcome, while the dominant longshore feeder current controls the direction towards which to ''swim parallel''. Averaged across all the scenarios tested here, ''swimming onshore'' was the most successful strategy, although large failure was found under certain conditions. Given that this strategy can favour the onset of panic and was addressed with some limitations, it is still not a safety message to promote. Instead, for obliquely incident waves, ''swim parallel'' downdrift then swim onshore with breaking waves was highly successful and can become a simple safety message for beach safety practitioners to communicate to the general public. However, in SW France where rip spacing is large ( $ 400 m) and surf-zone eddies have 100? m alongshore scales, this systematically implies large distances to swim in the surf to reach safety. This can become a limiting factor for bathers with limited swimming ability and strengthens the relevance of the ''stay afloat'' strategy. These results show that in addition to rip current intensity, rip flow regime and sand bar depth, the spacing of rip current channels is a critical determinant of the rip current hazard and the type of rip current safety message promoted to the general public.
Our results indicate that on open rip-channelled beaches exposed to normal to nearnormal wave incidence, rip current hazard and best rip current escape strategy are highly variable alongshore. Subtle differences in bar/rip morphology from one rip system to another can drastically change flow regime and dominant longshore feeder current, which are crucial to rip current escape strategy. The best rip current escape strategy at a given rip current system can be the worst strategy at a nearby one. Accordingly, our study tempers many past rip current studies that have drawn broad implications from an individual rip current system. Here we highlight a fact obvious to expert surf-zone lifeguards, which is that rip currents vary considerably in both time and space and that site-specific studies should not be relied upon as far as universal rip current escape strategy message is concerned. As determining the dominant longshore feeder currents and dominant flow regime under these conditions is something only expert surf-zone users can do, developing a universal, simple and efficient rip current escape strategy message on open rip-channelled beaches exposed to normal to near-normal wave incidence is likely inaccessible. It is also important to note that our modelling study is inherently theoretical in application. More studies that address critical social and psychological elements of how people will actually react to varying rip current conditions are needed before escape strategies can be safely promoted to the general beachgoing public.
